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(54) LASER BEAM MACHINING METHOD AND LASER BEAM MACHINING DEVICE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a laser beam machining 
method capable of cutting a machining object without developing a 
crack, deviating from the predetermined line for welding or cutting 
on the surface of the machining object, and accurately. 
SOLUTION: A reforming area is formed in the machining object by 
radiating a pulse laser beam L onto the predetermined line 5 for 
cutting under the condition of causing multiple photon absorbtion, 
and making a condensing point P agree with the inside of the 
machining object 1. By splitting the machining object 1 along the 
determined line 5 for cutting, the machining object 1 can be cut 
with a comperatively small force. Since in the irradiation of the 
laser beam L, the pulse laser beam L is scarcely absorbed on the 
surface 3 of the machining object 1, the surface 3 is not melted, 
caused by the formation of the reforming area. By adjusting the 
position of the condensing point P of the pulse laser beam L in the 
thickness direction of the machining object 1, the position of the 
reforming area in the thickness direction of the machining object is 
controlled. 
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[IS*« 1 ] U— tf 5fcOTJfe3t£ £ Jmx5tt> *3aOT U— tf 

fi^^ta^lax^^iLte)<o^?^|S]|cfcL^-c)l:^•a>#^J•(0^4g«fc 
yfltriEASt®i~j6t>(agxitst>e@ici@aiLT. una 
iax»MMfci=u— vafe^ggst-rscti-.fcy, fiseinx 
SSUfcoaBrFS^-f viw^oTlftsairax^tifeOTrtSii 

i- ^^qanxi- «fe s £ ©fi£-r * is £ us * s , 

is— tfttl^j*,, 

^♦5-e-rMiHftix^fei- u— $%&m m-t a ct i=j: 

y, Url5Unx^fei(7)«)BT^7-r>l-;ftprSiIiH«lx 

20 

fiiamixs^. u--y=3fc©m5fcj5£ffli2tox*fft«3OT 

ikmt&uz&mizm&tinxftgLmcDftmz&tf-ttxitii 
Eftix» **c: u— c t iz «k y .- ArSEta 

© ® ic ^it^qaiiRic cfc ffitosiHiiisE ^ ffirtaat a^a 

*.«5t*, u— tfflox;^,, 

4] Btiisteroeis^a^«tiie5!is^Ja«fc y 

fitliHlDX^^OU— 1f3fe£OAItSfl9lc}gjS;-r^ % ii* 30 

m 3 feuo) u— tf *nx^ 0 

U— 9=3fefl)m3fc^l3fc(t-5 If— 1 
x 1 08 (Hi/cm*) ia±-efcoX-/<;UX<SA<1 fisKlTt 

Tzzk iz& y % m&nmz? ^ <? 9«ic«*feiirEtt 

•— tftoX*j£„ 

[|§*^6i strgBftix^^teiiru— tfjfe^ggit^-^^ 
u— (fatiomjfc^icfcit^e— ®gA<i 

x 1 o 8 (Ul/cm*) Ja±7?fc-3T/<;UX«gA<l flsKlT<fc 40 
-T S c t y . |trl2rtgpicjtlt«iS^tgE^ #t?MffiSt 

— tfJSDX^. 

U— tfjfcOTSljfcjSl- fcIt-6 tf— 1 
x.l o» (W/cm2) Kl±T?fcor/<JUX«gA<1nsBlTi:-r 

1 ~4©L%-r^ir^fE(ou— ifmx^ 0 



Ml5imxsts>feirBB^$tt-& u— tf&rosijfc/SitfmiHi? 
^lRllc^3lt•5Sffa<D^4®$■MlaAl^i5A^^,l^r8^rtSP* 
-eroffijUirU MiaffiSi^fltrieiinxsttifeicrait^tt^ 
u— tf3fei=»-T'5itFisaix«siiia<DSfif^-c-K-r s - £ 
ic«fcy, itiiaJf^iaii-fcit^fjSBJtax^siifeKoffi^M 

9«Fi5iioxa^irBist$*ts u— ifjfewmjt^^fiiaA 

St ffi iceg ^ -a- 4 <D |c^^bHJ?^-*(S1 ic fc It -5 MbH 
taxttfi&cDteOTffittWf^ibfiOTT 1 — * ^Sl^^-^fteo) 

BirSflferofflStM^SjMa)^— ? i3S-^L>rMaH*oxjtgL 
Misftjx^^^ ^ MiEJi^-^isi ir taumz&wi zv&m 

/<;UX^A<1 //sJilTOJ/^XU— If* 
-5 U— tf 3tH«b . 

S5iau— tf3fe3lAvc,ajSt**Lfc/<;ux u— *f%oj$k%& 

<Dt°— ^/<-7— x 1 08 (W/cra2) Ulilz^^J; 
y IR3fe**i.fc/<^X U— tf %o>m%& **S«WI^1S $ 

ftriaJ?^iaiirfcit^itii5ttixst^<Dffi»M«i!iMOT 
^— ^-efey. 

SiJIHBf M<0<£§ ^ MSB U— tf Htf& <;u* 

u— tf 3tA<iijEBiinx«^izASfr -5 xmmfr t.s?rsaw 

u— tf*i-*t-r^fiJri2*ax«mia«)BfiT^ 
-c^-r * z i: icj; y ^ P,*ifcmsafflS*M^i6M©7 ; — Si 

* fllfBAStSK ^-B- -5<D JfefJIHJi^lSl lc felt 

^^sBiPxs^roterofflSM^siMor)^— 5" 
iSM0>T-$ ics-^u>-cfiijiBax»f!.fe^t!riaii^^isi 

^tg^-SU— tfftlXSS. 

[R*Sl.O] /<;UX<SA<1 |/sKJlT<0/<jt.XU— tf 

lasu— if*s^.t.aist$*Lfc/<iux u— ■*f%<r>m&& 

0>t?—?/<r?—&g.ti<-l x 1 08 (W/W) Kl-hlCJSSi; 
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Miam^^lcj: U*ftS4xfc/^ux is—*f?t<Dmyt£L 

£«t*S u-tf ftixg® 0 
[IHHOPIIftHM 

[O O O 1 ] 
[0002] 

ic. jtaxa»ttA<«jR^*a«<Di^if*s«gitL. u 

*«JK-T«o "L#U -a>^TM*Aax^t^cDaffio 

T\ "iPX»ftaB*<*3IW*:Ox/\<Da^. ^SJfl^x/xO) 
[O O 0 3] 

9 5 2 84HfcttMMMI 20O0-1 5467 *H*«(C|jB 

ww*ftT5i*. jtax»*tt<Daw-r4ttBf*u---tf*r3 

[0004] LfrU -+L^a)^ffia)«j»r^-cf*. Jta 
x»*«c*c*»««<:fc£i\£ % Aox»*a©«® 

Z£j&<fc£ 0 Z*t&0)«IKj&a-CttVJSA*x* 

[00 0 5] **8J0>BMIi* Jpx*ffttta>«ffilz^ 
l> u-if toiLjj&ZL if u-if mxSl £ffifit-r « c £ -e 



[O O O 6] 

sau** is—ifjtcDmft&L & anx****© u— tf *© a 
»ffi*ttLrtax»*»<Drt»ic*t3^oinxatt«B 
a>«^srsicfcL^r»^fl)*»(Dfi«j: y Aitffiizifti* 
ficexiiSt^aizHfiSLr. jtax»*«ifzu— 

oTlnx»*«<ortffli3**^«fti3«fc*»K««S^ 
10 [0007] *%8it=ft« u— »fmx*afeiccfc*ttf . 

^^*«ltti:t^3«Itt«ffl-r*-tir < fcy % APIS 

*S^^>i^or*pxajfc«BA<a*L*c:i:izj:y % jbo 

ft*^lnx»ft«i*«iBf-r4ctA<-c#-6a)-c. mx» 

***1±*^^ft<jtaxafttt<D«IKA<prtei:ft-6o * 

UK^S^ >f±«nx»ft«i(D*®^g0lc3lRgl^5l^ 

[OOO 8] *3BWf-«*U— 1flnx*ftlzj:4i 

tf. lnx»**©W»f=JBWMIc**^««iS***-fr 

30 -T -5 Ui« £ U— tf Jtax^ffi ic o t * "C 

[OO 0 9] tfAOX^IZ^Jt 

tf. u— if*<D**jS*inxs*i*<Dii^i&i^izfct^ 
mfr<D*ft<D&w:£ y A»ffiiciet\fi»cn«5-r*i:a 
K«i«(«nxaft«ia)i*i»*a)A»ffi <«*.fc?«a&) fll 
fc»«**u A»®(ciSLx(4SlzPfiit-^tag 
««iiJnxafti*ia)rtffl*<DA»ffi^»H-r*ffi 

£JnXS*tt<D«ffi3U«ffil::£ C*1±Z>t 1s\T.tt&Ato 
40 ^Slz«»fr*^o *f&EU:«5U— Iftnx^rftfzj: 
4xtf. 8cH««*inxaaa<ort»*a)*ffifflXiiSffi 

■c. sai=inxa}fttt*«iK-r*c:4:A<-e** 0 

[001 O] *ftffl(c«S : U— IfiPX^feL^T. Aft 

-t*36<»***LT y . ^X^^felCgS^^tL^ 

5fe<7)m3fe^tfii^r^icfeLxr^<o^0fiL® j: y a 
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iDX»MfaMfflK**i« 0 &ftBJft£AttffiM!c]&j£-r 

: ;U— ifjtax^Sfcl*. u— if Sflix»ft1«B0!)rt 10 
»ic*te#-clnx»lt*ic u— -WftSMtf-r * c <h: iz* 
y. inx»ft»a)«aR*s^Hr>ic»oriHix»jfetta) 

sug^ u— *afeojR*jatipxafttt(DJ5^ 

MlC&t%T« 1 xaiCfilfft L^1f*©«*tt«*« 

a*tt«lcJtax»ft*©iS»(z*^Tlnx»**i= u 
^JfeSBafTiCfcl::**^ lnxS*tta>ffi!<DfflKT 

S^^>i^oTlnx»*fe<DrtSic^at^teicj:^ 

S2Il^ SB*.*:: 20 

[001 i] *«fflic«-6u— ifmx*ai=J:*ttf. an 

x»**©«KiBif3L3^3t«-r4«Bfl=fct^r. «K 
<B{£T * RJJ C z £ £ o 

tooi2] **^ic«^u— »fjtax*afe(cfeL>r. ffe 
to»M«Jt**Hffi« * y 4,ftix*tBtt<D U— If 3fe<B A 

£ U-^1fXAqklC«ttl= J: y f&Sl C lifcrlMD 30 
[00 13] fil±»WLfc*flBWiz«*U— !flnx»a 

v=f*BTaBtt*<fe«. *x»ft*i=u— ifafetmt-r 
u— if*©**jfticfei+«e— as 

*<1 x 1 0» (W/cra2) tlJir&oT/OUXig^l // sfel 

Ti-racfcinj:^ lDXttB«4>Mu:z07.<y0BM 
;^t?aHffii«*^«-rsci:t,-e#* 0 chic**. 

IS. toX»«tt©rtfflT?li^*^iiRfcJ:-63fe^Wt8«S 

&i*?a*4<£±'*-«. ca>jifc*M«»cj:yanxM* 
tta>rt&i-»i>r*jMBS**i. djiccfcyjpxafttt 40 

i*±EaK««<D-«-cfc*. ciou— tfjnx^afeftfti 
[0014] lnx»jfcSiizu— 1f**!H»-r*ftf**. 

u— »f*(D**jaicfc(t*e— ^/^— x 1 o 
ticfcy. mx»ft«sa>rtfflfrsg4fflSffiit*#t?aH 



oaa&cij: y*nxstt«3a)rtffl(cs»flis®i^jb<^* 
cou— if4px*afea>apxa*«i4:Lrtt. flux-i*. * 

fcffltt * o 

[00 1 5] lnx»*»lcu-lf5lttlH»-r*ftfrt. 
u— »f*a>**jSi-fcit«tf— ffi&tfi x 1 o 

s (W/cm2) ^T'fcoT/^xS^lnsJSJLT^-r^Zt 

r=*y. ftix»fttta)rtfipizB«*A<SEibLfcfii«-c& 

*fi«««bffl«£*tr»K««£- * - £ * t?# 
Stax;»fttt(D|*»l;:fizSl**^ ^«TCMKI=<fe«- 

wiBictt-f ^-_>oi»jEib. &&<txit#m&ftm<D*m 

zo>u— iftox*£a>linxsfctt£ lti*. Giiitf. # 

[OO 1 6] -lDX»tt»lC||»**l*U— 1f*(D**jS 

*i£ U— 1f5t(D**^(Dl5^*laIf3fclt^BfM<Dfia* 
A»ffi*Sl*]tt*T*<DEB±:U ca>ElK£lnx*ttMIi 
l=:BB»*i« if*l::»r*ttx»B1S<DB«¥T?B 
-r^ctic^y. »*»iaaizfcit*lnx»*nia)«»w . 
an*©^— **at*-r*a»xat. hunmci 
»*n*u— if*o»*ja*A»ffirctt«***a)i=* 
"Kftl^*fiii=feit*linx»tt*©«fl!)tt»«»tt*fl!) 

-r-^ «C*^L\rlDX»*tJ|*|»**SlC«»MlC»iS 

ic»-5L\rmx»ftftt»**fiiic«»Mi=»tt*-fr* 

lz.fcih.ii. Aixsm^KDm^faiicfeit^ U— if #;<Dgl 
*jft<Dfia*. A»ffi*»»tLrlnxa*fta)rttt<D 

S*^. Jtax«»fe<Di5^^ir fci**inx*»«KZ>fi 

»M»M*t*px»**iciB»*ft* u— tfxictrr^ 

ttxa*ttfl>B«*^<oa*<A«ffiA^6U— 1f*(D** 
££-C(D&£l±:£:&o <fcoT. AWBB^&SPXaattCD 

j*S5£-ca>Ejg£. "ieBSW-cB-r s z^i^yftb 

*ifc«»»»BBeit.*x»**t»BaF-fr*Lfi. u- 
if3feo)S3t^^^x^^(Dm^(^lcfcct^^M<o{i 

[0 0 17] *BWlc«*u— ifmxSIBI*. /</Ufi 
^ 1 sK1T<7)/<;UX U— if ihlsft Z> u— if3fe^ 
it. U— tf3fe3BA^t.ajSt*ttfc/<;uxu— -VltiomSbA 

a)e-^/<9-se^i x 1 08 (w/on2) m±iz^^cfc 

3lc/<jn,xu-1f*£B«'r«B%¥B&v lnxMBtt 
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y. mm<D^m^^-^m^h>thm^iixtz/<j^iy- 
if ft\zi$-f £Hnx»««Ba>BSr*:cR-r £ c £ u:£ y f# 

It^mz <fc y Jf£:fc £ ttfc/ <JU A U-if 3fc<7> JfS* jS * Aft 

® (z^t>i± 3<d fc«XttJ**;&H ic as it s inx*j ftffctf) i o 
y gStt £ ;Kfc««ftti£»M<D^--* Silf^ 

[0 0 18] *«WIZ«*U— *f*nxg®(i s /< 
VUXfltf 1 1/ sKlTO/^ U— If iHI^T -5 U— if 

#H<b. u-if3fe^t>ailt*tvfc/<;uAU— ifjfeoft 
3fejaa>e— i^/^^— fiS3&<1 x 1 0 8 (W/cm2) fciLtlcfc 

^^^f^^uxu-ifat^^^m^e^. 20 
Kiz<):ym3fe^^f-/<;ux u~-if3fe(D*5fe^*irax^ 

/*jua u— if7ta)m5t^a)&M^*ax^^#ia)ll^(^^ 
fflrt^issri-r^^K^. Jtax^ftftKo^jBf^s^-orc 
^ o r /<;ua u-if ftnmft&Zte*! M izf^lti £ 

[0 0 19] d;fr£tD*&B£|C^£U-- ifJtaXjgglZ^ 

J:y. *PX^^cD^®lz^jK^^^^^>^^^ 
4xfc^F«S*a*t*«±*-fr*z tO^l^U— ifjtox 30 

(t 3/<;ua u-if *<73m^^<D^S^$q^i Lfc U— if 

[0020] 

.tax^&tfu-iftaxggte. ^fcT-i&iixrc^y&ff 
f^3£ft2j£LTl^ 0 £3fc^q&^U-if5fc<&3£g£#E 

*&mz-D^xmmizmw-t&o 40 

[002 1] ttfttDqRitXCD/OK^^^^EG^y^afc^ 
t"££nhi/>EG<Z)3M£ (n=2. 3, 4. • • • Trfc 
<7 1 x 1 08 (W/cra*) lUJKD^ffC^*^ 



if5t<Di/^;ux^f-y<7)3i^;u^— ) ~ (i>— if# 
<7)tf— AXtK*;/ hB?®^x/^;ux^) ic^y^cto^tt 
£<> 2tt&0)ii^ U— iffto^gliU—ififccD 

*5fe^<D®^g (W/cm2) "C;$fe£& 0 

[0022] ^<D&5&&ft? L &i&$mmTtz>*m&j& 

m^&Z U— if JtoXCD^IZOtxTia 1 6 ^fflUt 

^■r-5o 0 1 f*U— ifJtax4»a>Jinx*ti^ yD¥®m 
-efcy. S2fi@l lc^rinx»fciJn cDII-MSIz:^ 
ofc»rSiar*fcy. S3f*U— if jtoX^CDiElX^^ 1 

0^i@Tfey, H4fiH3fz^-rjtax#^ i ©iv- 

^1C0V-V^(z^ofcBf®ia-efey. @6li*2J»r£;h,^ 
[0023] Hl&UHZfCsK-rj:?!^ ADXfctftffcl 

— ifjtaxii. ^^iRilxMiCliStttJiax^Sti © 

rtffli^jiatejapS^tp-tfT u—if 5tL^tox^^#i i \zm 
Jtitfmit Ltzmmo) :^r^^ 

[0 0 2 4] U-if3feL^^jeT^^-<>5lZ^or 

i±^> Q C4x(cj:y. m 3 -13 5 [z^-T cfc 5 I^^M^ 7 

^fi6**L*« ^Ute^Slc^^, u-if tonjimt. ftix 
i ^u-if^L^qSilX-r^c^lc^ tjftix»jfc«i 
i ^Si*i^rQ^^M^7^^-r^a>r*li35:l^o *ox 
**** 1 ^u-if*L^S^*i±tox^afei i (Oj^gPfc 

o-C. to^^fei (0a®3T?fiU~if3feLA<(5t^ < 5: 
qR^^tv?S:L^-e. tox^^i<D$®3^ia-r^z 

[oo2 5] ^^x^®I1<D^J»^^cfcl^r. «j»f"r^ffi 

Hrl^iBjft3&<fc.*i:Jnx»ftttl \**<Dm£Lfrt>mtiZ><D 
X. Hefz^-r^a^itSM/h^^^-eAnx^fei ^ 

[0 0 2 6] 3cm«eSjft& LfcAPX»ft«j<D 

iS^. IfflXS^fefcA^^^^ftl^H^Z^IzJ: 
y. aH^^S^i:LrJtax«^A<a*t. taxes' 
^t^m^ixh^x^o zitiit. «^.ri*pxa*«3 

tL^^ri. iH3X^^<D^]BT^S5>r>l^o 

r^x«it^fcfflim^^i±A>gf^^^j[n^fcy. tax 
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So 

[0 0 2 7] *5eJS^Bicfct^r*3fe^-«JRfz* 

So 

■tftbttr. **jsi=fci**m#as*<i x i 0 8 (w/c 

m 2 ) JSi±-CA^/^UXte3&<1 // sj^TOftfttfRglf-r 20 

C(D/<;ux*I(D:*££li. ^3fcT-q&ifc£^C£i±o 
ojtaXttftf&Sffil::&§tfcy > -^^-^x.-ri3. AflX*f 

5> 0 Cttlc^t;^ feix^feKDrtaJlzKi^^QailXfcj: 

yjtox^fe^^ic^v^^^^fi£*4x^o 

5£E<DJira{I<!r LTfi. mtLltl x 1 on (W/cra*) *t? 
fc-So /<;ux4gf£09x_f£ Ins- 2 o Ons*<$?3; Ll\, £: 

S4 5®u— iffjMnxsBS^i&S:* (i'9 9 8«. 12 

(Dl2 3l~g2 8l(D r@f*:U-+r— Jgsg&fcJ: 
[OO 2 8] **ipi#l*. BjM$g£^^0>:*:^2 

fc*o 

(A) jtaX*t**:/WU?9X (^gffig) #^X 
(I?* 7 O O/zra) 

(B) U-if 

5fc3I : U— traSNd: YAG U— tf 40 
26J!: : 1 O 6 4nm 

U-HfSfcX^ hBrSS : 3. 1 4 x 1 0" 8 cm2 

&mi&m : ox -r v ^/ oux 

iiJlLMS: 1 OOkHz 
/</UXg : 3 Ons 
Mil : tli*<1niJ//^X 
U-+T5feSS : TEMoo 

(C) Sl3fcJBU>X 

U— fftft&zZt-tzmMm : 6 O /<— fe > K 50 



(D) ftlX^^}5<e©^^^iE^(D^^ : I O 
Onrn/fj? 

U-1f5fcp°pM^TEMooi:li. *ftte*<iS< U--+f 

^ttfii/^ux<DU~if5fetc^ytox^^a)rtaj 

HEt^^o O^'VQTJRv hO>*#£lot. 

(Of&^<i ooe, Bgp» (NA) #o. ao(Dig^r*fe 

(C) <Df&ip*<5 Of£. nn» (NA) A<0. 5 5<Dig^ 
r*fe^o e— «B**<1 O" (W/cm2) &&frt> 

JtoX^feKDWSJIZ^^^^XTK^ h*<#§<fcU If—* 

/^--^g*<X^<^^I^^^^^^X?K^>4i^:^ 

[0030] ^fr. ^USS^B^^u— ifinxicfci* 
Tv ^^^^^^iCcfc^^x^^^^SrCD^*^ 

X-MC^l>TS8~G*l1 1 ^ffi^TlftB^-r^o @8lZ^ 

spic^^p^^-itr u— tf*L*Anx»*«B-i izmm 

^^/^^X^^icoa®3<haSa2 S 
1 1 ic^cfc^lctax^g-t&i 1 tfmti&ztlz&yimiL 
*tm& Ttftytii ^tt-So &ixttfttta>£ffi£Sffilc£lii 

feilc * ft ^ ^> k iz & y jfrg^ ^ig^ ^ § o 
[0 0 3 1] ( 2 ) aM^36^Si^S^^<Dli^ 

x 1 o 8 (W/cm2) l^Jt-e^o/<;ux$sA<1 //s 
mT<D^fr-era|t-r^ 0 Ztl(Zi:yftlX^^(7)rtai(i 

fc^m^Lx3-i:t-e^^ 0 o^y. mK.\t. mtz&m 
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p&&m&&^t;m&tzmtLtzm®£mi*'?Zo aox 

ffl^LTIi. GiJiUSi x 1 o'2 (W/cm2) Trfe^o 
X$gf*0g*l£ 1 ns~ 2 O Ons*><$?3: Ll^o 
[0 0 3 2] i>U=i>Ox/\<Ol^gp-c??g|S4 

*Mm*a?<wi y . 

(A) flDX^f^ : y'J^>Oi/\ (11^3 5 0^ 
§4^>f) 10 

(B) U-tf 

** : #**U— lffi&jBNd:YAGU— tf 

: 1 O 6 4 run 
U— *f%7.Ky HBJrMI : 3. 14xlO-»Cffl2 

femmm : ox ^ ^/ ^x 

ttUSLMXCk: 1 OOkHz 
/<JUXN : 3 Ons 

: 2 O v J//<;UX 
U—*f#ft* : TEMoo 

(I5fc4t tt : E«fi3fc 20 

i&m : 50fg 
NA : 0 . 5 5 

(0) /BX»*tt3&<Ka$*t^ttB^©»«iajS : 1 O 

[oo33]'Bi2 i±-bfE3H*-ea> u— if jtaxrc^ y tfl 

i§M 3#Jf2j£2;HTl>£o -tlB*ftlc«fcy^«* 30 

^Lfc^5D:^l|£(Dm^^fa3(D^:^^Ii1 OO/iin^S 

[ O O 3 4 ] »HA31«Btt 1 3 *<£3fr?-«MRI:: J: U Jf2j£ 

«.-fcf£U ^UavlS^SMtiMtftfJia) 

U =1 >&*£<DJ?«^t# 5 O /im v lOOp, 2 0 0/inu 
5 00^nu 1 O O 0/im(D#^lcot\rJifi5il^^L 
fc 0 40 

[0035] W5U£. Nd:YAGU— IfXO&fi-efe^ 1 0 6 
.4nm|zfcl\-t\ =i>^tg(Dlt^*<5 00//m£tT<D 

i8:r&c si 2iz^-r->u =i>ox/m i 

11*2 O O/inKDvU a>Ox/\£##|::-f 9 0 

%l2Lt£CDT% U— if5t^i>U =3>Ox/M KDrtSPt* 

©nx*4x^<7)(i<i^r*fey; izt/uHtfmm-tZo so 



(•o^y u-if3fcic<J:£®;£a>J!in&^ 

(2000^4^) (0I7 2I-I7 3I0) 

r £ a «?/ <;ux u— +f j: & y zj >a> jtax&tePfffi j 

[0 0 3 6] fc*>\ y'j3>Oi/Mt SHfilCJt^ 

y. e*wic«i»aF4i* 0 vua>^i/\(Diitsi 
x^^ic^^jta^^^z.tiz^yiSfi^-^ig^tfe 

^xS*fe<0rtffllz»ISffi31fia$^fijE'r^»^. «q»r 
[ o o 3 7 ] ( 3 ) 3clNMt*<nSr ttMWW 

£^b-t±-c\ «»jai3fcit*«jp.ai*3&<i x i o« <w/c 

m2) Kl±T?A\0/^UXtSA<1 nsmTCD^-e^lt-r^o 

rtgpicjgc ^^gaiixic^^x^u^-^ 

x^;u^-fcKiki±-Tlc. tax^feCDftSfflcli-f :*-> 

^H^LTI*. 1 x 1 012 (W/cm2) T-fc^o /< 

;UXigl*09;U;f 1 nsKJLT*<#£ L < . 1 psfcTFtfS 

«X« V S4 2BU- 1f«il0XW3£#ltS:* (19 9 7 
11^) ©I105l~f 1 1 11(D r7xAh» 

S^^^^UXlc^y^fiELT^^o fLT, 

mm\tto±ftmto<»mfr^ fasten z> u— if ^tom^t 

[0 0 3 8] co){iM$q^lzo^T<7^^^®m^«^ 

la^-r^o hi 4tt. ^msfesi^^u— ifAox^ 

*tfcJtaX«m«l 1 <D»mmx-&Z> 0 /UXU- if5feL0) 
*3fe^liiBX»^fe| 1 co/<;uxu— lf3tL<oa® (AS* 
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[0039] 01 5f£01 4 IZ^-rtaX*t#-&M <7)gfl# 

*^^®3xi;s®2 wz.nnxv'vvt? 9 i *<a«fz to 

^icjfrg^S^^;/^ 9 1 £^®3 (li2D <ta>ffi 

S£g£Sl$L-cu£ 0 ftoT. u— ifirax&T&icAox 
^#^i<D<3»rXiI£fT5igi^ anx«i^<3/\>Ky 

[oo4o] ii6iiii 4 tmmz*mmtem\zmz> 20 
u-+finx^^^r^ii£^^^^^^^m9^ 

frtaX^#^1<D&S0-Cfe£o 01 6lC^-T>>^^<7 

««9f±. /<;uxu— »f^L(D^5fe^**ox^feiia) 

3 fciftL^M(ciSfinuTff^^tLyr ^a)-efc€)o ^ ^ v 

9 fitax$t#^ 1 (DrtS5*<Da® 3 fl 
-So @1 71*^1 6lc^-T^X^ifel<7)^^»rMia-e 
fc£o ^^^^M^9^S®3{|gfCjf^^tLTt>^<D 
T% &mztfLm-tZ><7^V<7 9 1 I*S®3 3U*^<7)iES£ 

^®3(c^CA^-r^(Dr% tax*t»«n $Sg(:^QKt 

[ o o 4 i ] jbaxstg^ i (omm 3 in wt-t/w 
gJSisttifiicMni, ftnx*tft«g 1 anagifcfc 

^ : 7^^Mi^9^«b ; i7^'V^ 9 1 £JtaX*t^$M <D 
$I3MSI2 l^fllCjSg^t^C^fZj; tj % inx 
^fel7b<«W**t^ 0 ^?77^9 1(7)e^gf£(tT* 
tt»Tt:££ig^*,fe&U ^7*^9 1 (DS&jfrgCijta 40 

^rA^wfc^^^<7 9 i ztfL&zitxvim-tzm'&i* 

S®3fflfCfcUVT^7^^^9 1<Dfigg^lSl(D^r*lA<^:^ 
mttzZ* §U S®3lci£-r^g^rlz^^-/^^ 50 



9 &t o =y v 9 tfmm 3 ic^^tt^o 

grS3lcg|*u ^®i3<D^^ t°>^(7)llS<b^:y . flier 
[0 0 4 2] /^UXU— +P3feLO)*5fe^^A3X^ 

Att 1 (D&frj5fai~t$i\Tmfr<»¥#<niiLW:& y *® 3 

■C^-^o CCDif^. ^^Mi39f£taX#fMfc1 <Dfl 
S5*<Dg®2 1«|lcff£j£$*i£ 0 0 1 81*01 4i:^ 

^7^^9f^Hii»«3i(0^air^§o 0 

1 8lC^-rX^rS3(7)^^^^|il||9(i. /^U-f 

3feL0)m^^*nx^#L^ 1 (D[p^isi(ctet\ri?^<D 

¥#(7){$M<*:yS® (Alt®) 3 3bNt,5ttX5:M{ciSgfTL 
«9I±. m^^^O^O<iMJ:ya®3lz5fiix{i 
O W8. 9 <t Y$6^ rsj (D <7 ^ v V «« 9 £ i* L r 

[0 0 4 3] inXS*«M 35<«^.tf*"»(*:Oxy\a)» 

xt§W4i:§o .ii:s-r*tt»fT?i*^^^^««9 

A<M-r*«>-e. X*l*|fi|'(3!)«KffitYtt*|fiia)«IKffii: 
[0 0 4 4] CtLlZ*JLT. 11 8|C^-rj:5fC. J)QX 

9 oikw t mijfaW =5 v 1 m& 9 'atom, t ib 

ffl*9^3W««-r*<D*|»Cwi:^-C** 0 <fc,ot, in 
[0 0 4 5] ftfe; Xtt^rfil<D^/7!y^fiige9Xl/Ytt^ 
9**lc^ric**tfc^ i 5^^«i*9J:y tfiffi (Alt 

^^«i«9 tftrc^***L*^ ^ <y<?f&®9 <fc y ^ts® 

* 0 5 ^7 «ige 9 »AI»IC|R tt * *b « / U— tf 5tL 
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Too 4 6] c*uc».lt* ik^mzixzo^vom 
vl 9 &%\z%m £ tiz> $ ^ v o w& 9 £ y *s® 3 {hk: 

5^fI1^9 5^-IC^f Z>ZLktfT*Z%> 0 

[oo47] VL±tstwLtz±5iz^ *mm*m^±ti 
®.m&m$i-rz>z.t\zj: i)^ m^^com^mz^s io 

.[0048] ^M^mofitssq^-c^^c^fc 
— if»x»«coi*T»i»-rSo si 9(*zcDu-tfan 

Xgg 1 0 0<D«JBS«fi£iaTfc^ o U— +fft)Xg® 1 O 20 
Of*. ls—*fM-£M±'?Zl'—*f%:$jLl O 1 t. U— 

La)&lttg«££*f LfroLx— tf^L0)5fe^<Dia]^^9 O 0 
^^^ctai^iES^^xfz^-f^P-f ^^—1 03 
ib. ^-f^P'T^^S^— 1 0 3T*Slt^tifcU— tfjfe 
L£l^fe-r3^3tefflU>Xl 05i:, m*jau>xi O 

eS^tl^KM^ 107t, 1 O 7 ^X$fi*|S]|Z 

f£I&£l*£fc#)CDXS&;X^--- is 109t, 1 0 7 30 

£X*fcfrfil iCit^ -T £ Y$6^ [S] I" £ £ fc Y3&X 
^r-v 1 1 1 <br. 1 O 7 ZmZLlWmjjfol^sz 

^%zmj5fa\z&mzi±&tzfr(nzm*T-v 1 1 3 • 
s; 1 09, 1 1 i f 1 1 3^i&^ 

TO O 4 9 ] u— tf&S 1 o 1 U— 
-TSNdiYAGU— +f-Cfc-So U— 1 O 1 fzJflL**C 
#4 U— tPirLT. Nd:YVG4 U— +f -£>Nd: 

■««^58liaa«J«*»fi6-r*«d. Nd:YAGU-if. N 40 
d:YV04U— 9=. Nd:YIJU-1f £m>&<0##®T*fc£o 

1f£m^<&Jb<#®T-fc3 0 ^5fe^iP(DX(Y)^lSl(D^ 
mi*. JflXSf'&l £X(Y)*j]X^— vl 0 9 (111) 

i^fiftixa^i^ass^iEic^^^isi^o-e. tax 

-So <fcoT. ZlfiXf ~v 1 '1 3 ^ZM^fSjfC^ffi^ii-^, 

^^i±^c^7b<r^^o o^y. z^x-r-e; i 1 3 so 



\z± y inx»jM* 1 <0Ji^rn]rcfe!t^m3t^P<D(iM 
/)<iSS5^4x^o ctu^y. <$q;ttf. »3fe£P£anx$t 
i a)j?^raj(cfct^r Jt^.cD*»a>tta £ y Alt® 
(a® 3) i-iftL^®x(iSL>&afziitsu/cy. ff^L 

a)BS^<7)<4M(Cl@gnLfcy-r^^i:^r^^o 
lfi5fcfflu>Xi OS^Z^fSllZ^ifi^-tt^C^lC^o 
Tt, CtL^(Dp0^U-+f3feO)m^^^/EJX^^a) 

x 1 o 5*<anx*jgtf$3 1 o&ttfa\~&W}~tz>m'&&fo 

Jtox^feiicD^^faiicfeit^jtox^feii 

[0050] :zt% Z«xf- SJic<fc£Anx*«M8KD 

Mi2 i ^ffl^tW^o *3gJ£ff2£^li*ax$tg' 
feKDH^Ric^it^u— 1f3fc<0J63fe£<D{£g£. tax 
»ft»<D«Bfi (Alt®) £&^<t LTtaXttgiJ&CDrtS! 

5t^P^JtaX$t^fe 1 <D§1 3 Idteg LTl^&1*S£5K 

U>X1 0 5lcflltTzf£K)£l**<^ *3fc£PI*S®3 

frt>mis««M a>rta5(c^ifi"r^ 0 m3t^pa>jtaxjt 
ica-r*jpx»jwji i cDssf^-efc^) „ cfcor. u— 

icfcit^m^^PojiiM^lffli-r^wt^-e^^o 
y. m^P(7)jtax$t^ 1 (DH^fa3irfc(t^3fMO) 

&g£S® (Alt®) 3*N^,felX$t^1<7)rt^^"Ca) 
EH (Nz) t-fZ> 0 Z(K>mU (Nz) ^±IBJSgf^ (N) 
X'&-?Z>ztlz&i)mz>tit-&®m: (z) jtax« 

a)asicm5t^P^-&^-yr^ci:^-c*^ 0 U-ifJffflX 
oofi^^ic. et^i o 7izeM^tLfcinxM 

xr/m3feffiu>xi o5ti^C3feifi-ticsM^iK/cpra 

7^119 t*3felU>Xl o ShOffllzp^Zn 

-f-y^s^— 1 o3^iaM$ttr^^>o 
mr^m^mLt^^m^(Dtft&(D^^9 o- « 
Lfc^ra*»iie— ax^j-^ 1 i 9-eft¥#/><Rit 

**t. ZCD&lt^tt/rpra^S^Y^P^^^S^- 
1 O 3 U>X 1 O 5 fSl U jfJDXS^fe 1 

[0051] u-tfJnxggi oott*f,fz. t-Ax 

1 19. ^^7P^7^57-1 0 3&l/Si3te 
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ffiu>xi o 5 tmcitn±^m.w£ixtzWL&m*i 2 
1 &t;e«u>x 1 2 3 £«x* 0 ig{&i^ 121a 

Tli0fl*{£<XXKcharge-coupled device) *i y ^#&£ 0 

£U5fci*. matffluvxi 05, sv^n-r^ ^— 

10 3. t-AX^U7$ 1 1 9£gIL, 

1 2 3-«S«S*LTJl««^1 2 1 1»**S*u titflT 

[OO 5 21 U— Wnx3£«1 OOfi^^lc. JgSfftT- 
1 2 1 frh>&j3£tlt-M&"r— S*<A;fc£;ft£}§«ir— 

£fluispi 2 5<t. u— tfltaxsggi oo^tlit 

#181 1 7T«"*Lf=^a*a>ftjSi3&<*ffi3±(c^-fr 

LTXf- SHRMVl l 5#Z$i&x^— vl 1 3£*£Ib 
-«»-r * CirlzJ: y . rT«#<D j££7b<as 3 -5 J: 5 
1C*r^ 0 J:oT, a^T 5 — ^ffiSffll 2 5Iit~h7t 

icftg-r^zttA-x— *? i i 3(D^M(cfci\r. u— tf 
i [±n^^4xri^o «i:oT. «^T— mafe^p 

(Alt®) 3fc{iM^i±^coiz^^:Jtax^tm^l 

1 <Dff^*isiicj3-it*inx»ft* i (DmcD^^mm 
SP1 z sit. Wl&^—Z £^fc bra® 3 <D&xw&%f 

[OO 5 3] £r#«|ffilft-1 2 7 Id*. Xf-v®Ml 
1 Sfrh>(DT— HHS^r— 1 2 5fr«b(J)il^ 
T— *.WA*L* CtL^O)^— ^^Ltb- IfSfc 

ttttvm 10 2. M^fflafesi 1 1 7 at/x^r— raffles 

•■1.1 5*tH»-r«ctizj:y. u-fioignoo^ 

^x-^y h^LTSHl-T^o £{*tHMM 2 7 

li. H2 0&tfH'2 1 T'ift^Lfc^lbM (z) 0>Tr— * 
^A***t. tBH^H^o o*y % 2 7 

127. A^—vsqaian 1 s&urziax^— 1 1 3 
:ic«fcy. Mi u>x 1 o 5 ic«t y is* to^x u 
— if3fea)m5t^a)<iattlEix^^gg 1 <oJ^<D©Hrt-e 
BB**l*..* 3fcfc. @i 9ai/i2 2?fflur, **jfi 

u-tf lnxfttt SBWBt « fc A<0 ^ p -T * - h -c ;fe 
§c jtaxaftttl tti/ya^x/vc&S. 

to 05 4i **\ Jtaxa»fti<D*qRflR^tt*a^L 



(Si 01) o *fc. miM»ia)»S*ilSf 
£0 tfttxs** 1 a>s»f^^SizL 

r. 2nxtt**n aztt^Aa&ttft (z) *sts-r«" 

(S10 3) „ c*U*. 1f*L<DjR#AP*<AnX#ft 
ttl «>l*iail-ffi«Sl**fctf>l^ lnx«**l 1 3 

10 i<DZtt^fai<D^S)g-cfc^o o*y. Anx**#ife 1 a> 

(z) it. 4px»*lfcia>i5**sicfei+*jta 

X>^#l^|(D4§^M©UlS(0^~^a)-«-Cfc^o 3i3fcj£ 
POtt«(«nx»jWliia)n[*. *fS. jnxogbjfc (« 

«»flSl 2-7fZA***L*o 

[o o 5.51 Jtax^mfei ^u— ifJtox^gi 000)8 

i^10 7(Cgit^ e tLt, fi^Mlll 17^b 

20 pra3ife*»ife*ii-rlnxjjftUBi $iwt« (S1 o 
5) o BIWS^fcWK^^^vs^trlnxa**! 

(0$f3^I«*^12 1 IZctyjt«-r^ 0 Z(7)g^T 

— *lig«^r— ^^BSSPl 2 5l:Sb*i5o ztD*^ 

jcso-iN-citsT-* flisaj 1 2 5 itwmmxM 1 

1 7a>pra*a>«jaA<affi3lzffiB-J-*^:5ft«^^r— 
**9l*-r*" (Si 0 7) 0 z.cDm&T—Zl*. jrax*f 

[00 5 61 ca>ftjA7— ^(iAT— i^sqmigpi 1 src 
30 2lt»*t-5o a-t— v«»»T 1 5(i. Z 00ft AT— 
SlnLTZ^x^-^1 1 3^Zffi^fa|(7)^ifi*i±^ (S 
109) o z*tizcfe"y % ssffl^3ii 1 7a>praft0)ft" 

3 letter $ 0 ZtiXf-v1 1 3(0C<D<iM 

izfcL>r. /*ju*u— if*Lo)ft3tAP(±sffi3(z<aa"r 

^ctlc^^ 0 g«T— ZmmSH-i 2 5lii«f 

— * izsr5t>r . ^»r^^^-f> 5 #*t?mx»** 1 

1 2 7^Lt : E-*1 2 9 (Z^f> 

C*Llz«fcy^* 1 2 9lr«JBr^£^^>5f*iS(D 
40 St*®«3&<«^S*t*. 

[OO 5 71 ±#®m&l 2-7lCl*T»X-xV- , ^S-1 O 
3 r*5£ SifcfcttWMSMftT-* A<A±i **LT6 y . 
C0^Btf-^^f-v6l»gpi I5lzi££*t3 0 
Air — i^$9^Sp 1 1 5 lt^(D&W}ELT—$ IcS-iJlnt. 
U— 1f*LO)«3tfiP2b<ftIX»jRtt 1 (Drtffl 
fc. Z«7f-v1 1 3l=J:Vlaxfe»bl «ZM%AI= 
. ^ifi*1±^ (S111) 0 U— 1f3fc^ lOl^b 

u— if*L****-e:r % u— iftiicL&mxtt&ftj ^1 <oa 

"BB3 0)««»a9-r>5lcH««-*. u— *fltL<Dm% 

50 ^PfiJtax^^fe 1 <o a ices L r t> ^ <d r* % 



